The electrochemical behavior of zinc electrode has been studied in different concentrations of Na 3 PO 4 .12H 2 O solution using a simple potentiometric method. The study involves the measurement of the electrode potentials under open-circuit conditions. The potential was followed as a function of both time and Na 3 PO 4 .12H 2 O solution concentration until the values of steady-state potential are obtained. The steady potential changed on the addition of increasing amounts of different aggressive anions due to the breakdown of passivity. The way of variation of the steady-state potentials of zinc electrode in aggressive solutions upon the addition of increasing quantities of some inhibitors as the type of inorganic inhibitors are also concerned. The potential shifts towards more positive values the addition of inhibitors and the potential curves recall those reported in aggressive anion-free solution indicating pitting corrosion. The micrograph of zinc surface in presence of different concentrations of aggressive ions was investigated using Scanning Electron Microscope SEM.
Introduction
Zinc metal is widely used as a high capacity anodic material for primary and secondary alkaline batteries in aqueous solution, e.g. alkaline MnO 2 /Zn and Zn-carbon cells because of its high specific energy, low cost, abundance and non-toxicity. Zinc is used in a wide range of applications by various industries, e.g. as a construction material for roofs and facades in structural and civil engineering or as a sacrificial coating to protect iron and steel products from environmental corrosion attack in the steel producing and processing industry, especially the automotive industry [1, 2] . Phosphate coatings are used on steel parts for corrosion resistance, lubricity, or as a foundation for subsequent coatings or painting. It serves as a conversion coating in which a dilute solution of phosphoric acid and phosphate salts is applied via spraying or immersion and chemically reacts with the surface of the part being coated to form a layer of insoluble, crystalline phosphates [3] . Phosphate conversions coatings can also be used on aluminium, zinc, cadmium, silver and tin [4] .
However the high capacity of zinc anode can only be obtained in very concentrated alkaline solution. In dilute alkaline solutions, the discharge capacity and power capability of zinc anode decrease dramatically with decreasing OH-concentrations due to the passivation of zinc surface. The passivation of zinc anode in dilute alkaline solution is known to result from the formation of passive film on zinc surface. In past decades, numerous works have been undertaken to evaluate the anodic passivation mechanism and the properties of the passive film of zinc electrode in alkaline solution [5] [6] [7] [8] [9] .
The corrosion reactions leading to hydrogen evolution involve electrochemical active sites on the zinc anode surface. Such sites can include surface and bulk metal impurities, surface lattice features, grain boundary features, lattice defects, point defects and inclusions. In order to minimize undesirable corrosion and gassing, efforts are made in order to reduce the presence of impurities in the anode and the electrolyte as well as employing corrosionresistant zinc or zinc alloys.
Inhibiting agents are added in order to improve the electrochemical behavior of the discharged cell, decrease in the ohmic cell resistance and decrease in the self-discharge rate while the cell is being partially discharged, and to suppress the anodic reaction of zinc, still there is a need to add another component to the electrolyte which is capable of reducing the zinc corrosion in the alkaline media. Both of corrosion and inhibition processes involve a decrease in free energy of the metal/solution interface as any physicochemical process can occur at low free energy between the metal and its environment and the suggesting process that associated with a larger decrease in free energy [10, 11] . Organic surfactants and inorganic corrosion-inhibiting agents are commonly added to the zinc anode. The role of these organic additives is to form hydrophobic film that protects the zinc anode surface forming efficient anode-electrolyte interface. The efficiency of these compounds to enhance the corrosion resistance of zinc depends on their chemical structure, concentration and their stability in the electrolyte.
In view of this, we have produced a Zn metal and aimed to investigate corrosion behavior depending on Na 3 PO 4 .12H 2 O alkaline solution using the conventional potential time method. The effect of different aggressive anions is also investigated and devoted to determine the minimum concentration of the inhibitive anions that can withstand a certain concentration of an aggressive anion. 
Experimental
The simple electrode vessel of the zinc electrode made of Pyrex glass, has an inlet and outlet for oxygen and could accommodate a volume of about 50 ml of the test solution. The vessel is provided with a small salt bridge which was filled with the solution under test and dipped into a small beaker containing a portion of the same solution. In the same beaker the salt bridge is connected to the reference half cell, saturated calomel electrode (S.C.E) and both working and saturated calomel electrodes are connected by a device for measuring the voltage as a function of time. In this matter contamination of the test solution by the Cl − ions of the reference electrode during the span of the experiment was practically nullified. The E.M.F of the cell: (+) saturated calomel electrode/ electrolyte/ zinc electrode ( −) was measured on an electronic Digital Multimeter (Escort, EDM -2116) to the nearest mV. The steady state potentials were considered valid when values obtained not changing more than 1 mV/ 5 minutes.
Measurements were carried out mainly at 25±0.1°C. To investigate effect of the pitting corrosion anions, viz, Cl − , Br − , S 2− , ClO 4 − , ClO 3 − on the stability of the passive nature of Zn electrode, two different procedures were used. Zinc electrode was firstly immersed in the solution of sodium phosphate of definite concentration; the change in the potential was followed as a function of time until steady-state potential value was established. In the second procedure, the zinc electrode was equilibrated in a definite volume of sodium phosphate solutions of definite concentration to which enough corrosive (or inhibiting) agents was introduced until a steady-state potential was established. Then increasing amounts of the aggressive/ or inhibiting salts were successively added to the same phosphate solution, allowing always sufficient time for the establishment of a constant steady-potential after each addition.
Results and discussion

Variation of the potential of zinc electrode with time in sodium phosphate solutions:
The study involves the variation of potential of the zinc electrode as a function of time in normally aerated sodium phosphate solutions of concentration range from 5 x 10 -4 to 5 x 10 -1 M, as shown in Fig. (1) . In lower concentrations of sodium phosphate solution, the potential is shifted directly from more negative values towards less negative values and attained constancy and after short time, the potential falls quickly to negative values till it reaches a constant value (steady state potential). The ennobling of the zinc electrode potential when immersed in phosphate solutions of concentrations ≤ 1x10 -3 M, denotes that the preimmersion air-formed metal oxide film is not sufficient to impart long time passivity. In concentration range from 5 x 10 -3 to 8 x 10 -2 M of sodium phosphate solution , the potential is shifted directly from more negative values towards less negative values and attained a constancy after 60-70 minutes (steady state potential) without the potential falling. In higher concentrations as 0.1 and 0.5M of sodium phosphate solutions, the potential is shifted directly from less negative values towards more negative values and reached to constancy. Hence, the zinc electrode potential depends on the concentration of sodium phosphate solution, also steady state potential, Fig. (2) .
The simplified model used to predict theoretically the electrochemical behavior of pure zinc in alkaline media does not take into account the strong kinetic influence of the compositional and structural changes in the precipitate layer. An insight into the reaction mechanism for developing an advanced model of the behavior of zinc in alkaline media with changing pH had been given, [12] . It represents the theoretical potential behavior following The second part of the work is devoted to determine the concentrations of the aggressive anions that can withstand the higher potential period of a certain concentration of sodium phosphate using a simple potentiometric method. 3-7). By increasing the concentration of the aggressive salts more than 1x10 -2 M, the potential of zinc electrode is shifted towards more negative values with the occurrence of marked corrosion. Healing and further thickening of the film continue in the solutions until steady-state is attained. It is clear from the curves of Figs. (3-7) that the anions of these groups promote the corrosion of zinc and the extent of corrosion promotion increases with the anion content of the solution.
Moreover, at one and the same concentration of the different anions, it is obvious that the extent of corrosion promotion is dependent on the type of anion in the solution. To determine the minimum concentration of an aggressive anion that can be tolerated by a certain concentration of the sodium phosphate solution (1x10 -3 M), the steady potential of the Zn electrode in the sodium phosphate solution of a certain concentration was awaited for. It is concluded therefore that, the cathodic process predominates over the anodic ones, through either an increase in the self-polarization of the anodic areas or a decrease in the selfpolarization of the cathodic ones [15, 16] . The corrosivity of the anions, as judged by values increases in the order Cl − > Br − . The effect of Cl − anion is higher than Br − anion solution, consequently, more corrosive [15] . The corrosivity of the above anions increases in the same order: Na 2 S > NaCl > NaBr > NaClO 4 > NaClO 3 The plot of the steady-state potentials as a function the logarithm of the molar concentration of these anions is shown in Fig (8) . Straight lines were obtained which fulfill Brasher , s equation [17] . E = a -b log C (4) where a and b are constants.
From these measurements, potential-weight curves could be constructed for solutions of different concentrations of corrosive agent. Also, a small weighed quantity of NaCl, NaBr, NaClO 4 , NaClO 3 and Na 2 S was then added and the variation of the potential with time was followed until constancy, as another application to prove the corrosivity of these anions. New quantities were further introduced and the establishment of steady potential was ensured. The type of corrosion always occurs under the influence of the presence of both the inhibitive and corroding anions is of the localized type, the extreme of which is pitting corrosion [18, 19] . When this was reached a weighed quantity of the aggressive salt was added and a constant potential was again left to be attained. Then other quantities of the salt were introduced and in each case the electrode was left to acquire a steady potential. The results of this set of 
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measurements on the sodium phosphate solution of different weights to which NaCl, NaBr, NaClO 4 , NaClO 3 and Na 2 S was added are shown by the curves of Fig (9) . These curves represent the variation of the steady-state potential of the Zn electrode with the total weight of the aggressive salt in solution. The potential of the zinc electrode was measured as a function of time in solutions of the sodium phosphate, until steady-state values established. The concentration of each anion was varied between 0.01 and 0.3M and the solutions were strongly aerated. It is obvious that the extent of corrosion promotion is dependent on the type of the anions in the solution.
The corrosivity of the above anions increases in the same order. It is of interest to note that similar finding were reported for most of the corrosive inorganic anions [15, 17, 20, 21, 22] . Brasher [17] assumes that the shift of the Zn electrode potential towards active value is the result of an altered balance between the anodic and the cathodic areas set up by the competing influence of oxide-film-repair by oxygen.
The presence of the aggressive ions shifts the E st into more negative values i.e. weakness of the passive film formed on Zn surface takes place and the potential is shifted into the negative (active) direction to values which are more active, the higher the aggressive ions content of the solution. It is quite clear that the aggressive ions do not attack the passive film at any concentration but only a certain concentration is required for initiation of corrosion. The steady-state potential of the Zn electrode changes from the value measured in aggressive ion-free solutions to more active values. The type of corrosion occurring under such conditions is always of the pitting type and visible pits could be seen by the naked eyes on the metal surface.
Figure (10) shows SEM micrograph examination of the zinc surface after immersion in a solution of 0.05M sodium phosphate containing 0.5M NaCl, for a period of 80 minutes. It is clear that, the metal surface shows a large number of fine pits in presence of Cl − ions. The pits have large volume due to formation of well-defined pits with the propagation of pitting corrosion and the corrosion products inside the pit shown.
Variation of the open circuit electrode potential of Zn in sodium phosphate containing aggressive ions in absence and presence of passivators:
The third investigation shows the variation of the open circuit electrode potential of Zn in 1x10 -3 M sodium phosphate solutions containing 0.03M NaCl in absence and presence of passivators. The potential was followed as a function of time in different concentrations of the inhibitor solutions till steady values were established. The curves of Figs (11-13) represent the effect of addition of some inorganic salts namely Na 2 B 4 O 7 , Na 2 WO 4 and Na 2 CrO 4 , respectively, as passivators for the corrosion of zinc in 1 x 10 -3 M sodium phosphate solutions, at 25 °C. The addition of these additives causes the potential to shift directly from more negative values towards less negative values. The steady-state potential is reached from negative values and becomes nobler than the steady-state potential in passivator-free solution, with increasing the additives concentration. This behavior signifies thickening of the oxide film on the surface of the metal. Shams El Din and Khedr [15] showed that chromate and nitrite promote or stifles the corrosion of Zn depending on their concentrations as the example of the inorganic inhibitors. Some outhers using open circuit potential to study corrosion. The effect of some organic inhibitors, namely, (acridine, benzyl quinolinium chloride, dodecyl quinolinium-bromide, tributyl benzyl ammonium iodide and potassium iodide) had been studied using open circuit potential [23] .
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It is shown from the inhibition process that it occurred when associated with lower free energy than that was in the corrosion process. The decrease in free energy associated with this reaction could be attributed to the specific adsorption of these anions [24, 25] and the reaction of electrostatic fields through the oxide between opposite charges [26] . In addition, the inhibiting anions also make film-repair as in case of CrO 4 2− and NO 2 − [27, 28] or by blocking the active sites on the metal surface as with benzoate [10] .
The variation of the steady-state potential of zinc with the logarithm of the molar concentration of the inorganic additives, C add (Na 2 B 4 O 7 , Na 2 WO 4 and Na 2 CrO 4 ) is shown in Fig (14) . Straight lines were obtained satisfying the equation:
E st = α 1 + ß 1 log C add (5) where α 1 and ß 1 are constants depending on the nature of the metal and the type of the used anions.
This behavior could be explained on the basis of increasing the inhibiting action of the additive. On the other hand in 1x10 -3 M Na 3 PO 4 .12H 2 O with 0.03M NaCl solution and the different concentrations for different inhibitors are depending on the type of the inorganic additives. Thus one can arrange the efficiency of these compounds according to their addition in the ennobling of the steady-state potential which increased in the following order for inorganic additives: Na 2 CrO 4 > Na 2 WO 4 > Na 2 B 4 O 7
Conclusions
From the chemical behavior of zinc electrode in aqueous solution under open circuit conditions, increasing the concentrations of sodium phosphate shifts the steady-state of Zn electrode potential, E st , towards more negative values denoting oxide film destruction. The variation in the steady-state potential, E st , with the logarithm of the molar concentration of phosphate anions, C, follow the relation: E st = α -β log C, where α and β are constants.
The presence of increasing concentrations of the aggressive ions shifts the E st into the negative (active) direction to values which are more active, the higher the aggressive ion content of the solution.
In presence of increasing concentrations of Na 2 B 4 O 7 , Na 2 WO 4 and Na 2 CrO 4 , as inorganic inhibitors for the corrosion of zinc in sodium phosphate solutions, E st becomes nobler than that of passivator-free solution. This behavior is signifying the thickening of the oxide film on Zn surface. Plotting the values of E st with the logarithm of the molar concentration, C add , of the additives, inorganic passivators give straight lines, satisfying the relation: E st = α 1 + β 1 log C add , where α 1 
